a B S t r a c t the ripe pod pulp of Cassia fistula linn. (Fabaceace) has long been used as a traditional laxative drug due to anthraquinone glycosides constituent. rhein is the major anthraquinone in the pod pulp. in this study, extracts from ripe pod pulp of Cassia fistula collected from 10 different provinces in thailand were standardized for physical and chemical properties. Using UV-vis spectrophotometric analysis, total anthraquinone content in the pod pulp extracts was more than 0.10% w/w (average 0.1365 ± 0.001% w/w) while total anthraquinone glycosides was more than 0.03% w/w (average 0.0445 ± 0.002% w/w), both calculated in terms of rhein. Quantitative analysis of rhein content in the pod pulp extracts was performed by high performance liquid chromatographic (HPlc) method. it was found that rhein content in pod pulp extracts was more than 0.02% w/w (average 0.0518 ± 0.003% w/w). acute toxicity of the pod pulp extracts in rats and mice showed no mortality or any signs of toxicity. total aerobic bacteria count and total fungi count in the extracts did not exceed 10 and 11 cfu/g, respectively while no pathogenic bacteria were found. this information would be a useful guideline for quality control and standardization of C. fistula pod pulp extracts for a good quality herbal laxative raw material.
preparations are obtained by boiling the ripe pod pulp of C. fistula with water and filtered through muslin cloth, then evaporated to yield the soft extract for making pills.
[11]
The ripe pods contain anthraquinone compounds such as rhein, aloe-emodin and sennosides, in both glycosidic and free aglycone forms. [12] [13] [14] [15] Anthraquinones are famous for their laxative property of which one of the laxative effects is caused by alteration in colonic absorption and secretion, resulting in fluid accumulation and consequently diarrhea. [16, 17] Glycosides of anthraquinones, which are hydrolyzed by β-glucosides enzyme of the intestinal flora to free anthraquinones and further reduced to anthrones, are the active forms responsible for the laxative effect. The potency of the laxative/purgative effect depends on the amount of anthraquinone glycosides. [18, 19] Nualkaew S. [20] previously compared the contents of total anthraquinones and total anthraquinone glycosides in four Cassia species, i.e. C. siamea Lamk., C. fistula Linn., C. alata Linn., and C. surattensis Burm.f. subsp. surattensis collected from 4 regions of Thailand. The results showed that the leaves of C. alata and the pod pulp of C. fistula contained the highest amount of total anthraquinone glycosides (1.33%
INTRODUCTION
Cassia fistula Linn. (Fabaceae) is a medium-sized, deciduous tree widely grown in tropical and subtropical areas as an ornamental plant for its beautiful, bright yellow flowers ( Figure 1 ). It is native to southern Asia and being the national tree of Thailand. It can be found in every part of Thailand and is locally called "Khun" or "Ratchaphruek". [1] The ripe pods, found during January to April, are mostly thrown away as wastes. C. fistula is widely used in folklore medicine for its medicinal properties. The pulp of the ripe pods possesses a mild, pleasant purgative action and is also used as an anti-fungal drug.
[2] Some authors have reported antimicrobial, antioxidant, anti-inflammatory, hepatoprotective and hypoglycemic potential of this plant. [3] [4] [5] [6] [7] [8] In Ayurvedic medicinal system, C. fistula was used against various disorders such as haematemesis, pruritus, diabetes and other ailments. [9, 10] In Thai traditional medicines, laxative pill
MATERIALS AND METHODS

Plant material
The ripe pods of C. fistula were collected from 10 provinces in four regions of Thailand: the North (Chaingmai, Nan), the South (Nakhon Si Thammarat), the Central (Ayutthaya, Nakornprathom, Bangkok) and the Northeast (Ubon Ratchathani, Amantcharoen, Mahasarakham, Nakornratchasima) in the summer (April, 2007 The ripe pods were cleaned with tap water and the pod pulp (without seed) was separated and kept in a tight container at 4 o C until used.
Preparation of pod pulp extracts of C. fistula from ten different locations
Fresh pulp of C. fistula ripe pod (20.0 g) from each location was boiled with distilled water (200 ml) for one hour at 95-98 o C and the solution was filtered. The extraction process was repeated until anthraquinones in the pulp were exhaustively extracted (tested by Borntrager's reaction). The filtrates were combined and evaporated to dryness on a boiling water bath to yield a decoction crude extract. The yield of crude extract was recorded and the extract ratio (weight of pod pulp:1 g extract) was calculated.
Screening for anthraquinones in C. fistula extracts
Anthraquinones in the ripe pod pulp extracts were detected by Borntrager's reaction. Hydrochloric acid (2M) was added to the plant extract, the mixture was heated on a boiling water bath for 15 minutes, then cooled and filtered. The filtrate was liquid-liquid extracted with chloroform. The chloroform layer was separated and shaken with 10% w/v potassium hydroxide solution. The pink-red in upper aqueous layer indicated the presence of anthraquinones.
Quantitative analysis of total anthraquinones and total anthraquinone glycosides in the extracts of C. fistula pod pulp from 10 locations using UV-vis spectrophotometric method.
Total anthraquinones and total anthraquinone glycosides contents calculated as rhein in the decoction extracts of C. fistula pod pulp from 10 different locations were analyzed using the method modified from the analysis of hydroxyanthracene derivatives of Cassia alata described in Standard of ASEAN Herbal Medicine, 1993 [22] as shown in Scheme 1. The content of total anthraquinone glycosides was determined by a validated UV-vis spectrophotometry. [21] and 0.67%, respectively). Due to the high content of total anthraquinone glycosides and local abundance of C. fistula pods in Thailand, this plant can be considered as another natural anthraquinone source for further development as an alternative laxative drug.
Despite the wide range of therapeutic efficacies of C. fistula, standardization of the plant extract has not been reported before. Decoction was found to be the appropriate extraction method that promoted the pod pulp extract of C. fistula with the highest content of anthraquinone glycosides. [21] Therefore, the purpose of this study was to systematically standardize the ripe pod pulp extracts of C. fistula. Chemical properties of the extracts were determined by quantitative analysis of the contents of total anthraquinones and total anthraquinone glycosides (using UV-vis spectrophotometry), and rhein, a major constituent, (using HPLC) in the decoction extracts of the pod pulp of C. fistula collected from 10 different provinces in Thailand. TLC fingerprints, loss on drying, solubility, impurities including microbial, heavy metals and pesticides contamination of the pod pulp extracts were also determined. Acute toxicity of the extract was conducted using 2 different animal species to ensure the safety of the extract utilized as a laxative drug. These specifications could be used as a guidance for quality control of the pod pulp extracts of C. fistula for pharmaceutical purposes. 5 μm) (Thermo Fisher Scientific Inc., USA) with a BDS Hypersil C18 guard column (10 × 4 mm, i.d. 5 μm) (Thermo Hypersil-Keystone, USA). The isocratic mobile phase was 0.5% aqueous acetic acid solution and methanol (40:60). The total running time was 30 min and a flow rate was 1.0 ml/min. The UV detector monitored at 435 nm while the injection volume was 20 μl.
Calibration curve
Five concentrations of rhein (Sigma, USA) were prepared and diluted with 60% methanol (v/v) in the range of 1.25 -20.00 µg/ml. Each concentration was performed in triplicate. The calibration curve was obtained by plotting the peak areas from HPLC analysis of each concentration The analysis of total anthraquinones was performed by the same procedure as total anthraquinone glycosides omitting the extraction of free anthraquinone aglycones (step I and step II in Scheme 1).
Quantitative analysis of rhein content in various decoction extracts from pod pulp of C. fistula using HPLC method HPLC apparatus and conditions HPLC was performed on a Shimadzu Technologies modular model Class VP system consisting of a SCL-10A HPLC system, a UV-vis SPD-10A detector, LC-10 AD and Auto injector SIL-10A (Shimadzu, Japan). The analysis was carried out using a BDS Hypersil C18 column (250 × 4.6 mm, i.d.
Scheme 1:
Quantitative analysis of total anthraquinone glycosides in the decoction pod pulp extract. Sakulpanich, et al.: Standardization and toxicity evaluation of Cassia fistula pod pulp extract for alternative source of herbal laxative drug
Solubility of the extracts
Solubility of the pod pulp extracts in 95% ethanol and in distilled water was investigated at room temperature (25 o C). The level of solubility was recorded according to USP 30 NF 25 criteria. [23] Impurity residues determination Residues of heavy metals (Cd, Pb, As and Hg) and pesticides (organochlorines, organophosphates, carbamates and pyrethroids) in the extracts were determined according to the AOAC Official Method 999.10 lead, cadmium, zinc, copper and iron in foods [24] and CDFA-MRS method SOP [25] , respectively.
Microorganism contamination
Total aerobic bacterial count and total fungi count were determined according to Thai pharmacopoeia supplement, 2005.
[26] Some pathogenic bacteria i.e. Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Samonella spp. and Clostridium spp. were also examined.
Acute toxicity test
Male and female ICR mice (weight 22-25 g) and both sexes of Wistar rats (weight 130-150 g), from the National Laboratory Animal Centre, Mahidol University, were used in the acute toxicity study. The animals were housed in groups of five per cage for mice and two-three per cage for rats. They were kept in a controlled room (25 ± 1 °C) under 12 hour light/dark cycles for at least one week prior to the experiments. Standard chow and tap water were fed. These experiments were approved by the Institutional Animal Care and Use Committee, Faculty of Pharmacy, Mahidol University (Proof no. PY009/2550).
A Single oral dose (5 g/kg body weight) of the decoction pod pulp extract containing the highest anthraquinone glycoside content (sample collected from Mahasarakham) was administered to both sexes of mice and rats (5/sex/ specie) to assess acute toxicity. The control groups (5/sex/ species) were administered distilled water. After administration of the extract, all tested animals were examined for the number and time of death within 14 days to estimate the median lethal dose (LD 50 ).
All animals were also observed for sign of gross toxicity and behavioral changes at least once daily during the test period. The observation included gross evaluation of skin and fur, eyes, respiration, circulation, autonomic and central nervous system, motor activity and behavior pattern. Particular attention was directed to salivation, diarrhea, tremor, convulsion and coma. The body weight of all animals was recorded before the experiment and once a week during the test period. Relative toxicity was evaluated according to Lu and Kacew. [27] versus the concentrations of the standard. The regression equation and correlation coefficient (r 2 ) were then obtained.
Method validation
The HPLC method was validated by evaluation of linearity, precision, accuracy, limit of detection (LOD) and limit of quantitation (LOQ). Rhein was used as a reference standard. Linearity of detector response for standard solutions of rhein was determined by analysis of five concentration levels, each injected in triplicate. Accuracy of the method was confirmed by determination of recovery. The recovery of rhein from the extract was performed on sample spiked with three concentration levels of standard rhein (4, 15 and 20 μg/ml). The precision of the method was assured by analyzing 3 concentrations of standard rhein (n = 3) for intraday precision and on three consecutive days for interday precision. The precision was expressed as percent relative standard deviation (% R.S.D).
Sample preparation
Each decoction extract of C. fistula pod pulp (0.2 g) was accurately weighed, dissolved in 60% methanol (v/v) and adjusted to 10 ml in a volumetric flask. All solutions were filtered through a 0.45 μm nylon membrane filter. Each sample solution was analyzed in triplicate.
Physical and chemical properties of C. fistula pod pulp extracts Physical characteristics of the extracts
Color, odor and taste of each extract from the ripe pod pulp of C. fistula were determined. All pod pulp extracts had brownish-black with characteristic odor and mild sweet taste.
TLC fingerprints of the decoction extracts of C. fistula pod pulp
TLC fingerprints of the decoction extracts of C. fistula pod pulp were performed on a precoated aluminium plate of silica gel 60GF 254 (10 × 20 cm, E-merck, Germany) using ethyl acetate : methanol : water (100:17:13) as the solvent system. The developing distance was 8.0 cm. The plate was dried by an air dryer, and sprayed with 10% alcoholic potassium hydroxide solution. Pink spots on white background of TLC plate indicated the presence of anthraquinones. Rhein, emodin, aloe-emodin, chrysophanol and physcion were used as reference standards.
Loss on drying
Loss on drying of each extract was determined according to the procedure described in Standard of ASEAN Herbal Medicine, 1993. [22] Each sample was done in triplicate and the average weight loss on drying was reported.
Quantitative analysis of rhein content in the decoction extracts from pod pulps of C. fistula using HPLC method
The proposed HPLC method for analyzing the content of rhein in the pod pulp extracts of C. fistula showed acceptable validation parameters. The correlation coefficient (r 2 ) value of standard rhein was ≥ 0.999, confirming the linearity of the method. The average R.S.D. value lower than 2% and the average recovery of rhein of 99.51% indicated the precision and accuracy of the method, respectively. The LOD and LOQ for rhein were 0.112 and 0.340 µg/ml indicating a high sensitivity of the method. Determined by the validated HPLC condition, the content of rhein in the pod pulp extracts was in the range of 0.0291 ± 0.002 -0.0726 ± 0.003% w/w (average 0.0518 ± 0.003% w/w ) calculated as rhein (Table 1) .
RESULTS AND DISCUSSION
Quantitative analysis of total anthraquinones and total anthraquinone glycosides in the extracts of C. fistula pod pulp from 10 locations using UV-vis spectrophotometric method
The average extractive ratio of the extracts from ripe pod pulp of C. fistula collected from different locations in Thailand (crude drug:1 g crude extract) was 1.7:1 (1.6-1.9:1). Total anthraquinones content in the pod pulp extracts determined by UV-vis spectrophotometry was between 0.1092 ± 0.001 to 0.1646 ± 0.001% w/w (average 0.1365 ± 0.001% w/w) calculated as rhein while the amount of total anthraquinone glycosides was in the range of 0.0330 ± 0.002 -0.0624 ± 0.001% w/w (average 0.0445 ± 0.002% w/w) calculated as rhein (Table 1) . From the results, the average contents of anthraquinones in the decoction extracts from the pod pulps of C. fistula from 10 locations inferred that total anthraquinones and total anthraquinone glycosides should be more than 0.10% and 0.03% w/w, respectively while rhein content should be more than 0.02% w/w. All pod pulp extracts had brownish-black color with characteristic odor and mild sweet taste. The extracts gave the positive results, signifying the presence of anthraquinones by Borntrager's test and thin layer chromatography. TLC fingerprints of all pod pulp extracts showed similar chromatographic patterns with the major bands corresponded to rhein with the hRf value of 36 (Figure 2 ).
Loss on drying of pod pulp extracts was less than 1% w/w (average 0.44 ± 0.11 % w/w). The extracts were freely soluble in water but slightly soluble in 95% ethanol. Heavy metals and pesticide residues, and microbial contamination are shown in Table 2 . Cadmium and arsenic were not detected in the decoction extracts but lead and mercury were detected at less than 0.27 and 0.01 ppm, respectively. Total bacteria count in the extracts was not more than 10 cfu/g while total fungi count was not more than 11 cfu/g. Pathogenic bacteria such as S. aureus, E. coli, P. aeruginosa, Salmonella spp. and Clostridium spp. were not found in the extracts. The pesticide residues such as organochlorines, organophosphates, pyrethroids and carbamates were not detected in the extracts (detection limits for organochlorines, organophosphates, pyrethroids and carbamates were 0.01, 0.01-0.04, 0.05 and 0.01 mg/kg, respectively). Amounts of heavy metal residues, microbial contamination and pesticide residues were below the limits recommended by Thai Pharmacopoeia, 2005 [26] and Thai Herbal Pharmacopoeia, 2000. [28] Acute toxicity test showed that the decoction extract of 5 g/kg body weight did not cause any mortality or any sign of toxicity to the treated animals after administration and during the observation period of 14 days. The body weight gain of all animals was not significantly different between the treated groups and the respective control group (Table 3) . LD 50 of the extract after a single oral administration was more than 5 g/kg body weight for all tested animals. Therefore, the extract could be classified as slightly toxic extract. [27] This result supported the former report of Akanmu et al. [29] that C. fistula pod infusion was safe for consuming as a laxative drug.
Akiremi et al. [30] carried out biological assays using white male albino rats to compare the laxative activity of Cassia acutifolia (Senekot ® tablet) and C. fistula pod. From the results, C. fistula pod infusion appeared to be as potent as C. acutifolia infusion (reference drug). The mean percentages of wet feces produced in 12 hours after being administered infusion of C. fistula pod and C. acutifolia at the dose 500 mg/kg are 57.3 and 50.7%, respectively. Thus, C. fistula pod pulp extract could be used as an alternative laxative drug as same as Senna.
Being the first report on the physical and chemical specifications of C. fistula pod pulp decoction extract, this information would be useful as a guideline for quality control and standardization of C. fistula pod pulp extracts to be used as a herbal laxative raw material. According to the traditional use for a laxative drug [11] , the recommended dose is 4-6 g per day of fresh pod pulp, which was equal to 2.4-3.6 g of the decoction extract. This dose contains about 1.068-1.602 mg of anthraquinone glycosides (equivalent to 1.2432-1.8648 mg of rhein). The pod pulp of C. fistula has long been used as a safe traditional laxative drug and the safety was confirmed by our toxicity test results. Furthermore, the pods of C. fistula are abundantly found as wastes in all parts of Thailand and many other countries. Like senna extract, it would be economically and pharmaceutically beneficial to promote the standardized C. fistula pod pulp extract for herbal laxative products.
